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et al., 1989) and in redox reactive chemical concentrations around hydrother-
mal vents (Johnson et al., 1986a). These systems have used conventional
peristaltic pumps to propel the sample and reagents through the system.

Good spatial and temporal resolution can be obtained with systems
based on peristaltic pumps because they produce high flow rates. However,
systems based on peristaltic pumps are limited to deployment times of no
longer than a few days because of the lifetime of the tubing used in the
pump. The feasibility of using osmotic pumps to propel the sample and
reagents for longer deployments is now being explored. Osmotic pumps are
widely used for in vivo drug delivery systems. They can run for extended
periods of time and do not require an external power source, as they operate
on the difference in the osmotic pressure between the external seawater and
an internal filling solution (Theeuwes and Yum, 1976). Typical flow rates
with osmotic pumps are 1 to 10 microliters per hour. A reagent pump
would consume a reagent volume of about 10 milliliters per year, and a
sample pump would accumulate a sample volume of about 100 milliliters
per year. The response time of an osmotically pumped system would be
limited by the time required to flush the flow cell of the detector. At these
low flow rates, at least 12 minutes would be required to flush a 1-centime-
ter-path-length photometer cell. However, for long-term deployments of up
to 1 year, sampling rates of once per hour would be sufficient. Osmotically
pumped CFA systems are now operating in the laboratory, and ocean de-
ployments are expected to begin in the near future.

A CFA system based on osmotic pumps would be extremely simple,
and quite inexpensive to build. Instruments based on this design begin to
fall within the realm of chemical sensors. A sensor system is usually con-
sidered to be much less complex than the typical FIA system. However, the
mechanical simplicity of an osmotically pumped CFA system would cer-
tainly fall within the framework of a chemical sensor (Ruzicka and Marshall,
1990).

The primary constraints on development of FIA for oceanographic re-
search do not now appear to be the mechanical and electrical systems needed
to operate them on board ship or in situ. Long-term stability of reagents will
be a problem for deployments with osmotically pumped systems. These re-
agents must be stable for year-long time periods. The stability problem might
be solved by using the time release strategy employed in drug delivery.

Robotics (Hurst and Mortimer, 1987)

Two hundred and fifty million chemical analyses are performed each
day in the United States for quality assurance, environmental monitoring,
medical diagnostics, toxicology, forensics, commerce, research and devel-
opment, and other purposes. This large number of analyses is due in part to